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Abstract: Kujala (2017) provides an excellent overview of most aspects of emotion in dogs;
however, she does not cover a few fields of research that I think are also relevant to the topic. In
this commentary, I discuss the current state of our knowledge regarding cognitive decline and
behavioral disorders in dogs as potential models for human neurodegenerative disease and
mental illness; how emotion and cognition in dogs interact with sex, gonadectomy, and sexual
behavior; as well as the transformative potential of functional MRI imaging of the conscious dog
brain in the study of comparative neurophysiology.
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Introduction
I agree with Kujala (2017) that while subjective aspects of emotions are essentially
unmeasurable and thus unprovable, the various anatomical and functional parallels between
human and canine brains discussed in her target article make it very likely that emotional states
(including the capacity for suffering) exist in dogs. It follows that in the absence of evidence to
the contrary, and for both ethical and animal welfare reasons, we should generally base our
treatment of dogs and other animals on a variant of Pascal’s Wager: It is better to assume the
existence of emotions where none exist than it is to assume their absence where they do exist.
[See also Birch 2017, this journal — ed.]
While Kujala’s review does an admirable job of summarizing most currently known
aspects of canine emotions, it also leaves a few gaps that I would like to address:
1. Canine Neurodegenerative and Behavioral Disorders as Models for Human Disease
As our understanding of canine behavioral disorders has grown, so has our knowledge of how
the canine and human brains can be affected by similar structural and/or functional pathologies
whose study has considerable translational potential.
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In particular, the aging dog brain has numerous physiological and anatomical similarities
to the aging human brain (Head, Rofina et al. 2008; Head 2011; Chapagain, Viranyi et al. 2017).
This presents several potentially interesting models for comparative study. Foremost among
these is Canine Cognitive Decline (CCD), which has been suggested as a model for human
Alzheimer’s Disease (AD) (Oates 2014; Schütt, Helboe et al. 2016): Much like AD, CCD is
associated with increased anxiety and loss of natural sleep patterns in addition to the
progressive decline of cognitive function (Schütt, Toft et al. 2015), and much like brain samples
from humans with AD, brain samples from dogs with CCD exhibit neurodegeneration
accompanied by the development of amyloid plaques and tau tangles (Schmidt, Boltze et al.
2015; Smolek, Madari et al. 2016). The aged privately owned dog thus represents a potentially
translational model of AD in an environment that resembles the human environment to a much
greater degree than could ever be achieved in a laboratory setting (Gilmore and Greer 2015;
Kaeberlein, Creevy et al. 2016).
Another potential translational model is found in stereotypical and obsessively repetitive
behaviors such as tail chasing and compulsive flank sucking, which are more commonly
observed in certain breeds and have been shown to share a similar neurobiology with human
Obsessive-Compulsive Disorder (OCD) (Tiira, Hakosalo et al. 2012; Ogata, Gillis et al. 2013).
Other examples of canine brain diseases that have human analogs include but are not limited to
the neuronal ceroid lipofuscinoses, which represent a cluster of fatal inherited degenerative
brain diseases that have been described in at least 20 different dog breeds (Katz, Rustad et al.
2017) and are also present in humans (Nita, Mole et al. 2016).
2. Sex, Gonadectomy, and Sexual Behavior
There is a considerable body of evidence regarding the influence of sex and gonadectomy on
cognition and (by implication) emotion in dogs. For example, we know that female and
gonadectomized dogs are more likely to develop CCD than male or intact dogs (Azkona, GarciaBelenguer et al. 2009). CCD also progresses more rapidly in neutered male dogs compared to
intact males (Hart 2001). It has been shown that female, but not male, dogs respond to a size
constancy violation in a behavioral test of object permanence (Müller, Mayer et al. 2011); that
male and female dogs show significant differences in social learning (Fugazza, Mongillo et al.
2017); and that intact female dogs learn a maze task in fewer attempts than intact male dogs,
but that spayed female dogs perform worse than intact females (Mongillo, Scandurra et al.
2017). It would thus appear that sex and gonadectomy have important implications for canine
cognitive function that merit further scientific attention. It is not unreasonable to assume that
those differences also extend to and interact with emotional states.
It is also likely that emotional states influence and are influenced by sexual behavior.
While recent research appears to have somewhat neglected the emotional aspects of sexual
behavior in non-human animals, a substantial number of studies from past decades exists on the
topic. For example, it has been shown that female dogs exhibit sexual preference or rejection
towards individual male dogs (Beach and LeBoeuf 1967), that sexually experienced neutered
male dogs show increased mounting behavior compared to inexperienced neutered males
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(Beach 1970), and that characteristic physiological responses during coitus that are correlated
with male or female orgasm in humans are also present in dogs (Fox and Fox 1971).
3. Transformative Potential of Imaging the Conscious Dog Brain
While Kujala touches on the recently implemented methods for imaging conscious brain activity
using MRI, I think the advances that have been made in this field in particular are worth pointing
out in more detail. The methods now published allow us to train dogs to undergo MRI imaging
while fully awake, and thus open up exciting possibilities for observing the conscious canine
brain in real time (Berns, Brooks et al. 2012). This in turn allows us to draw parallels between
canine and human brain function that are not merely based on comparative anatomy and
physiology, but actual live brain imaging of the conscious dog. This represents a paradigm shift
in cognitive research that is relevant not only to the presence of emotion, but to all aspects of
canine cognitive function. The method has thus far been used to study reactions to olfaction
(Jia, Pustovyy et al. 2014; Jia, Pustovyy et al. 2016), processing of spoken language (Andics,
Gábor et al. 2016), and face recognition (Cuaya, Hernández-Pérez et al. 2016); it will no doubt
be expanded to other fields of study in the future (Huber and Lamm 2017).
In conclusion, it is also worth noting that results from this new method have been used
to argue in favor of important ethical and animal welfare implications because they do provide
evidence of a capacity for emotion and, by implication, suffering that needs to be taken into
account when judging the ethical aspects of using dogs in invasive experiments (Bailey and
Pereira 2017).
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